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&XUUHQWVWDWHRIWKHDUWFRQFUHWHLQGXVWULDOIORRUVLQ&]HFK5HSXEOLF
7KHFXUUHQWVWDWHRIWKHDUWGLVWLQFWLRQGHVLJQDQGWHFKQRORJ\RILPSOHPHQWDWLRQRIFRQFUHWHLQGXVWULDOIORRUVLV
SURFHVVHGLQPDQ\DUWLFOHVDQGSXEOLFDWLRQVHVSHFLDOO\LQ&RQFUHWHLQGXVWULDOIORRUV>@7KLVWLWOHUHSUHVHQWVDOVRRQH
RI WKH XVHG VRXUFHV +RZHYHU WKLV SXEOLFDWLRQV GRHVQW PHQWLRQ WHFKQRORJ\ RI SUHVWUHVVHG FRQFUHWH DSSOLHG RQ
LQGXVWULDOFRQFUHWHIORRUV7KLVWRSLFLVGHVFULEHGLQWKHVHFRQGSDUWRIWKLVSDSHU
'LVWLQFWLRQRIFRQFUHWHLQGXVWULDOIORRUV
7KHPRVWFRPPRQO\XVHG W\SHRI IORRUFRQVWUXFWLRQ IRUPHGLXPDQGKHDY\ ORDGHG LQGXVWULDOSODQWVDUHKHDY\
IORDWLQJFRQFUHWHIORRUV7KLVW\SHFDQEHIXUWKHUGLVWLQFWHG
3ODLQFRQFUHWHIORRUV

$FFRUGLQJWRFXUUHQWVWDQGDUGVLWLVQRWUHFRPPHQGHGWRXVHSODLQFRQFUHWHIRUH[HFXWLRQRIVWUXFWXUHVZKLFKDUH
ORDGHGE\WHQVLOHVWUHVV,QGXVWULDOIORRUVEHORQJWRWKLVFRQVWUXFWLRQW\SH,QYLHZRIWKHH[LVWHQFHRIDODUJHQXPEHU
RIFRPSOHWHGIORRUVIURPSODLQFRQFUHWHZHFDQWLJQRUHWKLVJURXS7HFKQRORJLFDOUHTXLUHPHQWVIRUSODLQFRQFUHWH
IORRUVWRUHGGLUHFWO\RQVXEVRLODUHPLQLPXPWKLFNQHVVRIFRQFUHWHOD\HUPPDQGPLQLPXPFRQFUHWHVWUHQJWK
FODVV&&RQFUHWHZLWKKLJKVWUHQJWKFODVVDUHFKDUDFWHUL]HGE\KLJKFRQWUDFWLRQ3UHFDXWLRQIRUFRQFUHWHIORRUV
ZLWK KLJK WKLFNQHVV DUH UHDOL]DWLRQ ZLWK ORZHU VWUHQJWK FODVV FRQFUHWH )RUPDWLRQ RI FRQWUDFWLRQ FUDFNV FDQ EH
OLPLWHGE\H[SDQVLRQMRLQWV7KHVHDUHXVXDOO\GHVLJQHGLQDWZRGLUHFWLRQUHFWDQJXODUJULG
'LVWDQFHEHWZHHQH[SDQVLRQMRLQWVVKRXOGQWH[FHHGPLQWKHLQWHULRUDQGPLQWKHH[WHULRU,QFDVHZKHQWKH
GLODWDWLRQSDUWVKDYHLUUHJXODUVKDSHLWLVQHFHVVDU\WRGHVLJQDQGUHLQIRUFHFULWLFDOSRLQWVE\UHLQIRUFHPHQWFULWLFDO
SRLQWVDUHPDLQO\FRUQHUVDQGQDUURZLQJV
'LVDGYDQWDJHVRISODLQFRQFUHWH LQGXVWULDO IORRUVDUHPDLQO\XQFRQWUROOHGUDQGRPFUDFNLQJDQGPDLQWHQDQFHRI
ODUJHDPRXQWVRIH[SDQVLRQMRLQWV$ULVHQFUDFNVUHTXLUHH[SHQVLYHDQGFRPSOLFDWHGVHDO
7KHDGYDQWDJHRIWKLVIORRUW\SHLVORZSULFH7KH\DUHVXLWDEOHIRUXVHLQVLWXDWLRQVZKHUHLWLVQRWQHFHVVDU\WR
HQVXUHWKHWUDQVPLVVLRQRIYHUWLFDOORDGV
:HDNUHLQIRUFHGFRQFUHWHIORRUV

)ORRUVIURPZHDNQRPLQDOO\UHLQIRUFHGFRQFUHWHDUHUHLQIRUFHGZLWKRQHOD\HURIZHOGHGPHVK:HOGHGPHVKHV
DUHSODFHGDERXWPPDERYHWKHORZHUHGJHRIWKHSODWHRUXQWLOWKHPLGGOHRIWKHIORRU5DQJHRIUHLQIRUFHPHQW
DUHDLVIURPWRPPP:HDNUHLQIRUFHGFRQFUHWHLVXVHGIRUODUJHXQLWVVODEVZLWKDUHDP
'HVLJQRIWKLVIORRUW\SHLVVLPLODUO\WRSODLQFRQFUHWHIORRUV6LPLODUSURFHGXUHLVDSSOLHGLQWKHOD\RXWDQGGLVWDQFH
H[SDQVLRQ MRLQWV :HDN UHLQIRUFHPHQW KHOSV WR LQFUHDVH GLVWDQFH RI MRLQWV E\  %XW VPDOO DPRXQW RI
UHLQIRUFHPHQW GRHVQW SUHYHQW FUHDWLRQ RI FRQWUDFWLRQ FUDFNV:HDN UHLQIRUFHG FRQFUHWH IORRUV DUH XVHG DV SODLQ
FRQFUHWHIORRUV

5HLQIRUFHGFRQFUHWHIORRUV

,Q GHVLJQ RI UHLQIRUFHG FRQFUHWH IORRUV DUH GHOLEHUDWHO\ DVVXPHG FUHDWLRQ RI FUDFNV&UDFNZLGWK LV OLPLWHG E\
UHLQIRUFHPHQWZKLFKDUHVWRUHGLQRQHRUWZROD\HUVERQGHGRUZHOGHGPHVK7KHFRUUHFWORFDWLRQRIUHLQIRUFHPHQW
LQWKHVODELVLPSRUWDQWIRUORDGFDSDFLW\RIUHLQIRUFHGIORRU0LQLPXPFRQFUHWHVWUHQJWKFODVVIRUWKLVIORRUW\SHLV
&)RUUHLQIRUFHPHQWLVUHFRPPHQGHGULEEHGUHLQIRUFHPHQWRU.$5,PHVK,IWKHUHLQIRUFHPHQWLVGHVLJQHGWR
UHGXFHFRQWUDFWLRQDQGVXEVHTXHQWFUDFNLQJDQGQRWIRUWKHUHVLVWDQFHWRYHUWLFDOORDGVLWLVVXIILFLHQWWRSODFHLWLQ
DVLQJOHOD\HUDURXQGWKHFHQWHUKHLJKWRIWKHSODWHRUXSWRPPEHORZWKHVXUIDFHRIWKHSODWH7KLVUHLQIRUFHPHQW
PXVW WUDQVIHU WHQVLOH IRUFHV IURP LQWHUDFWLRQ EHWZHHQ FRQFUHWH VODE DQG VXEVRLO ([WUHPHO\ VWUHVVHG IORRUV DUH
UHLQIRUFHGRQERWKVXUIDFHV$GYDQWDJHVRIUHLQIRUFHGFRQFUHWHIORRUVODEVDUHKLJKORDGFDSDFLW\DVPDOOQXPEHURI
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MRLQWV DQG WKH UHVXOWLQJ ORZ ORQJWHUPPDLQWHQDQFHFRVWV0DMRU GLVDGYDQWDJHV ODERULRXV LPSOHPHQWDWLRQ KLJKHU
FRVWVDQGWKHSUHVHQFHRIXQVLJKWO\FUDFNV
)LEHUFRQFUHWHIORRUV

7RLPSURYHWKHFKDUDFWHULVWLFVRISODLQFRQFUHWHIORRUVWKHGLVSHUVHGILEUHVDUHDGGHGWRWKHFRQFUHWH7KHPRVW
FRPPRQO\XVHGVWHHO ILEHU ZLUH UHLQIRUFHGFRQFUHWH IROORZHGE\SRO\SURS\OHQHDQGJODVV ILEHUV7KH ILEHUVDUH
UDQGRPO\GLVSHUVHG LQ WKHFRQFUHWH LQDOOGLUHFWLRQVDQGPXVWEHGLVSHUVHGHYHQO\ZLWKLQ WKH UDQJHRI WKHZKROH
VWUXFWXUHGLVSHUVHGHYHQO\
,IWKHILEHUVDUHGRVHGLQVXIILFLHQWTXDQWLW\WKH\UHGXFHSODVWLFDWWULEXWHVRIIUHVKFRQFUHWH'LVSHUVHGILEHUVDOVR
LQFUHDVHWKHWRXJKQHVVDQGUHVLVWDQFHWRLPSDFWDQGIDWLJXHORDGVLPSURYHWKHUPDOVKRFNUHVLVWDQFHDQGLQFUHDVHWKH
VXUIDFHDEUDVLRQHQGXUDQFH
6WHHOILEHUVSDUWO\LPSURYHWHQVLOHDQGFRPSUHVVLYHVWUHQJWKRIFRQFUHWHDIWHUFUDFNLQJ
3UHVWUHVVHGLQGXVWULDOIORRUV

&XUUHQW ULVNRI IORRU IDLOXUH LVVXFFHVVIXOO\ UHGXFHGE\SUHVWUHVVHGFRQFUHWH7KLV WHFKQRORJ\ LVXVXDOO\XVHG LQ
IRUHLJQ FRXQWULHV ([WHUQDO SUHVVXUH ORDGV DUH LQWURGXFHG WR WKH VWUXFWXUH DQG WKHUHIRUH WHQVLOH VWUHVVHV FDXVHG E\
ORDGV GRHVQW H[FHHG WKH WHQVLOH FDSDFLW\ RI FRQFUHWH 3UHVWUHVVHG FRQFUHWH IORRUV HQDEOH WR FUHDWH RI ODUJH XWLOLW\
DUHDV DQG HOLPLQDWH WKH QHHG WR FUHDWH H[SDQVLRQ MRLQWV PRVW RIWHQ HSLFHQWHU RI IDLOXUH7KH VHFRQGSDUW RI WKLV
SDSHULVVSHFLDOL]HGRQSUREOHPDWLFRISUHVWUHVVHGFRQFUHWHIORRUV

3UHVWUHVVHGLQGXVWULDOIORRUV
%DVLFSULQFLSOHV
7KHSULQFLSOHRIWKHWHFKQRORJ\LVEDVHGRQWKHLQWURGXFWLRQRISUHVWUHVVLQJZKLFKLVFDXVHGE\WKHFRQVWUXFWLRQ
RI WKH IORRU VODE ZLWK FHQWUDOO\DFWLQJ ELGLUHFWLRQDO WHQGRQ SUHVWUHVVLQJ V\VWHP ([WHUQDO SUHVVXUH ORDGV DUH
LQWURGXFHG WR WKH VWUXFWXUH DQG WKHUHIRUH WHQVLOH VWUHVVHV FDXVHG E\ ORDGV GRHVQW H[FHHG WKH WHQVLOH FDSDFLW\ RI
FRQFUHWH
3UHVWUHVVLQJLVDFWLYHDJDLQVW ORDGVFDXVHGE\WKHXVHHQYLURQPHQWDO LQIOXHQFHVVKULQNDJHDQGLQWHUDFWLRQZLWK
WKHVXEVRLO
3UHVWUHVVLQJ LV GHVLJQHG IRU WKH ZRUVW ORDG VLWXDWLRQ WR DYRLG WHQVLOH IDLOXUH LQ FRQFUHWH DQG LQWURGXFWLRQ WKH
SUHVVXUHORDGVLQFRUUHFWWLPHEHIRUHFUHDWLRQRIVKULQNDJHFUDFNV
7KLV LVFRPSOHWHO\SUHYHQWHGIDLOXUH LQFRQFUHWHFUDFNVXQOLNHRWKHUZD\VRIFUDFNFRQWUROZKLFKDUHEDVHGRQ
LQFUHDVLQJRISDVVLYHUHLQIRUFHPHQWIRUOLPLWLQJFUDFNZLGWKDFFRUGLQJWRFHUWDLQUHTXLUHPHQWV>@
)RUGHVLJQDQGLPSOHPHQWDWLRQRISUHVVWUHVVHGFRQVWUXFWLRQVYDOLGVWDQGDUGVDQGJXLGHOLQHVH[LVW(VSHFLDOO\&61
(1(XURFRGH&61DQGPDQ\VSHFLDOL]HGSXEOLFDWLRQV+RZHYHUZLWKRXWSUHVWUHVVHG LQGXVWULDO
IORRUV
:LWK WKLV WHFKQRORJ\ LV SRVVLEOH WR GHVLJQ YHU\ ODUJH DUHD ZLWKRXW WKH H[SDQVLRQ MRLQWV ,Q FXUUHQW WLPH WKH
XQLQWHUUXSWHG DUHDV DURXQG  PDUH UHDOL]HG([SDQVLRQ MRLQWV DUHRIWHQ WKH HSLFHQWHU RI WKH IDLOXUH RI IORRU
VWUXFWXUHV7KHLUHOLPLQDWLRQOHDGVWRWKHILQDQFLDOVDYLQJVRQPDLQWHQDQFHFRVWV([FHSWWKHFRVWVDYLQJVLWLVDOVR
DFKLHYHGWKHPDWHULDOVDYLQJVEHFDXVHZLWKSUHVWUHVVHGWHFKQRORJ\LWLVSRVVLEOHWRGHVLJQSUHVWUHVVHGIORRUVZLWKD
WKLFNQHVVXSWRVPDOOHUWKDQZLWKFRPPRQO\XVHGVROXWLRQV




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
)LJ6FKHPDWLFUHSUHVHQWDWLRQRIWKHSULQFLSOHRISUHVWUHVVHGIORRUV
$GYDQWDJHVDQGGLVDGYDQWDJHVRISUHVVWUHVHGIORRUV
0DLQDGYDQWDJHVRIWKLVW\SHRIIORRURUVODEFRQVWUXFWLRQ
x 0DWHULDOVDYLQJVVWHHODQGFRQFUHWHLQFRPSDULVRQZLWKUHLQIRUFHPHQW
x 6PDOOHUGHIOHFWLRQVWKDQZLWKVWHHODQGUHLQIRUFHGFRQFUHWH
x *RRGFUDFNEHKDYLRUDQGWKHUHIRUHSHUPDQHQWSURWHFWLRQRIWKHVWHHODJDLQVWFRUURVLRQ
x $OPRVWXQFKDQJHGVHUYLFHDELOLW\HYHQDIWHUFRQVLGHUDEOHRYHUORDGVLQFHWHPSRUDU\FUDFNVFORVHDJDLQDIWHUWKH
RYHUORDGKDVGLVDSSHDUHG
x +LJKIDWLJXHVWUHQJWKVLQFHWKHDPSOLWXGHRIWKHVWUHVVFKDQJHVLQWKHSUHVWUHVVLQJVWHHOXQGHUDOWHUQDWLQJORDGV
DUHTXLWHVPDOO
+LVWRU\RISUHVWUHVVHGIORRUV
7KHILUVWDWWHPSWWRXVHWHFKQRORJ\RISUHVWUHVVHGIORRUVLVGDWHGEDFNWRWKHVL[WLHVRIWKHWZHQWLHWKFHQWXU\(YHQ
WKRXJK LWZDV LPSOHPHQWHG LQ VHYHUDO GHVLJQV LQ(XURSH WKHPDLQVWUHDPRI UHVHDUFK DQGGHYHORSPHQW KDVEHHQ
FRQFHQWUDWHGLQWKH86$DQG$XVWUDOLDZKHUHWKLVWHFKQRORJ\LVFRPPRQO\XVHGSURFHGXUHIRUPDQ\DSSOLFDWLRQV
WRGD\,QWKH86$DORQHPRUHWKDQPLOOLRQPRIVODEVKDYHEHHQSUHVWUHVVHGSUHVHQWO\
*HQHUDOO\ WKHVH HDUO\ SUHVWUHVVHG FRQVWUXFWLRQV ZHUH EXLOW RQ H[SDQVLYH VRLOV ZKHUH WKH SHUIRUPDQFH RI VRPH
QRQSUHVVWUHVHGFRQFUHWHFRQVWUXFWLRQVKDGEHHQOHVVWKDQVDWLVIDFWRU\

(YROXWLRQRI'HVLJQ0HWKRGVLQ86$
x (DUOLHVW6HPLHPSLULFDOEDVHGRQPDWKHPDWLFDOPRGHOVFRQILUPHGE\DFWXDOSHUIRUPDQFH
x 37,0HWKRG5LJRURXVVWXG\RIVRLOVWUXFWXUHLQWHUDFWLRQEDVHGRQ37,VSRQVRUHG7H[DV$	0VWXGLHVLQ
¶V
x 37,0HWKRGQG(GLWLRQ3XEOLVKHGLQDQG,QFRUSRUDWHGLQWRPRGHOEXLOGLQJFRGHV8%&	,%&
x 37,UG(GLWLRQZLWKDFWXDOVXSSOHPHQW*HRWHFKQLFDO&RGH6WDQGDUG6WUXFWXUDO&RGH6WDQGDUG'HVLJQ
0DQXDO

7KHLQWHUHVWRIWKLVWHFKQRORJ\EHJLQVWRHPHUJHLQ(XURSHLQWKHHDUO\VHYHQWLHVRIWKHWZHQWLHWKFHQWXU\)LUVW
FRQVWUXFWLRQVZHUHFRPSOHWHGLQ*UHDW%ULWDLQWKH1HWKHUODQGVDQG6ZLW]HUODQGDWWKDWWLPH
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,QWHQVLYH UHVHDUFK ZRUN HVSHFLDOO\ LQ 6ZLW]HUODQG LQ WKH 1HWKHUODQGV DQG LQ 'HQPDUN DQG *HUPDQ\ KDV
H[SDQGHGWKHNQRZOHGJHDYDLODEOHRQWKHEHKDYLRURIVXFKFRQVWUXFWLRQV7KHVHUHVHDUFKDUHSURYLGHGWKHEDVLVIRU
VWDQGDUGV DFWXDOO\DSOLHGRUSUHSDUHG LQ VRPHFRXQWULHV)URPSXUHO\HPSLULFDOEHJLQQLQJV D WHFKQLFDOO\ UHOLDEOH
DQGHFRQRPLFDOIRUPRIFRQVWUXFWLRQKDVDULVHQRYHUWKH\HDUVDVDUHVXOWRIWKHHIIRUWVRIPDQ\UHVHDUFKHUV7KXV
WKHPHWKRGLVQRZDOVRUHFRJQL]HGLQ(XURSHDQGKDVDOUHDG\IRXQGFRQVLGHUDEOHVSUHDGLQJLQQRPLQDWLYHFRXQWULHV
2QO\DIHZSUHVWUHVVHGIORRUFRQVWUXFWLRQVZDVUHDOLVHGLQUHFHQW\HDUVLQWKH&]HFK5HSXEOLF+RZHYHUGHVSLWH
JRRGUHIHUHQFHIURPDEURDGWKHXVHRIWKLVWHFKQRORJ\KDVQRWEHHQ\HWGHYHORSLQJLQWKH&]HFK5HSXEOLF
([DPSOHVRISUHVVWUHVHGFRQFUHWHIORRUFRQVWUXFWLRQLQWKH&]HFK5HSXEOLFDQGIRUHLJQFRXQWULHV
&]HFK5HSXEOLF
x 5HSDLU&HQWHUIRUUHSDLURIDLUFUDIW/HRV-DQDFHN$LUSRUW0RVQRY2VWUDYD'LPHQVLRQV[P
WKLFNQHVVPP\HDURIUHDOL]DWLRQ>@
x )%2+DQJDU,,9DFODY+DYHO3UDJXH$LUSRUWIRUPHUO\DLUSRUW3UDJXH5X]\QHGLPHQVLRQV[P
WKLFNQHVVPP\HDURIUHDOL]DWLRQ>@


)RUHLJQFRXQWULHV
x :DUHKRXVHDQGRIILFHEXLOGLQJ3DSHUOLQH[&KULVWFKXUFK1HZ=HDODQGWRWDODUHDRISUHVWUHVVHGFRQFUHWHIORRUV
PWKLFNQHVVPP\HDURIUHDOL]DWLRQ>@
x 5HFRQVWUXFWLRQRI7HQD[ZDUHKRXVH9LJDQR,WDO\VHFWLRQVRISUHVWUHVVHGFRQFWUHWHIORRUVDUHDRIRQHVHFWLRQ
P\HDURIUHDOL]DWLRQ>@
x 6WRFN1(67/e&KLOH7RWDODUHDRISUHVWUHVVHGFRQFUHWHIORRUVP>@
x /RJLVWLFVWHUPLQDO0
%RSLFXi8UXJXD\7RWDODUHDRISUHVWUHVVHGFRQFUHWHIORRUVP\HDURIUHDOL]DWLRQ
>@
x 1HZ=HDODQG3RVW&HQWUH+DPLOWRQ1HZ=HDODQG7RWDODUHDRISUHVWUHVVHGFRQFUHWHIORRUVPWKLFNQHVV
PP\HDURIUHDOL]DWLRQ>@
x $LU1HZ=HDODQGGLVWULEXWLRQFHQWHU+DUHZRRG&KULVWFKXUFK1HZ=HDODQG7RWDODUHDRISUHVWUHVVHGFRQFUHWH
IORRUVPWKLFNQHVVPP\HDURIUHDOL]DWLRQ>@
x $FDFLD5LGJH$XVWUDOLD+LJKZD\VWUHWFK±[PGLODWLRQDIWHUDERXWP>@
,QWHUDFWLRQEHWZHHQSUHVVWUHVHGLQGXVWULDOIORRUVDQGWKHVXEVRLO
3UHVWUHVVHG IORRUV DUH LQ FRQWDFWZLWK WKH VXEVRLO DQDORJRXV OLNH WR SUHVWUHVVHG IRXQGDWLRQ VWUXFWXUHV )ULFWLRQ
IRUFHVH[LVWEHWZHHQWKHIORRUVODEDQGWKHVXEVRLO7KHVHIRUFHVEULQJORVVHVRISUHVWUHVVDQGKDYHQHJDWLYHHIIHFWRQ
WKH ZKROH VWUXFWXUDO V\VWHP $FWXDO YDOLG VWDQGDUWV GRHVQW VROYH WKLV SUREOHPDWLF DQG LQ SUDFWLFH H[LVW RQO\
VLPSOLILHGSURFHGXUHV>@7KHZD\WRSUHYHQWWKHVHORVVHVLVWKHDSSOLFDWLRQRIVOLGLQJMRLQWVZKLFKFDQVLJQLILFDQWO\
UHGXFHWKHHIIHFWVRIVKHDUIRUFHVDFWLQJRQWKHIRRWLQJERWWRP&RQVWUXFWLRQFRPSDQLHVVSHFLDOL]HGRQSHUIRUPLQJ
RISUHVWUHVVHGIRXQGDWLRQDQGIORRUVWUXFWXUHXVHVWDQGDUGL]HGFRPSRVLWLRQVDQGPHWKRGVIRUGHDOLQJVOLGLQJMRLQWV
)RU H[DPSOH FRQVWUXFWLRQ FRPSDQ\ 96/ ZKR LPSOHPHQWHG FRQVWUXFWLRQ RI SUHVWUHVVHG IORRUV LQ WKH &]HFK
5HSXEOLFXVHGIRUUHDOL]DWLRQRIVOLGLQJMRLQWVVDQGOD\HUDQGOD\HUVRI3(ILOPHYHU\WKLQJVWRUHGRQDIODWDQG
VWLIIHQRXJKVXEVRLO2QWKLVFRPSRVLWLRQRIVOLGLQJMRLQWLVUHDOL]HGSUHVWUHVVHGIORRUFRQVWUXFWLRQ
$QRWKHUSRVVLEOHPHWKRGRI VOLGLQJ MRLQWV LV WRXVH UKHRORJLFDO VOLGLQJ MRLQWVEDVHGRQDVSKDOW ,WPDNHVXVHRI
YLVFRHODVWLFSURSHUWLHVRIDVSKDOWVWULSVWRVLJQLILFDQWO\UHGXFHKRUL]RQWDOIRUFHVWKDWDUHEURXJKWLQWRWKHVWUXFWXUH
GXH WR VKULQNDJH DQG FUHHS RI ORQJLWXGLQDO DQG WUDQVYHUVH VWUDLQV )RU YHULILFDWLRQ RI WKLV VROXWLRQ ODERUDWRU\
PHDVXUHPHQWVRIYLVFRHODVWLFSURSHUWLHVRIDVSKDOWLQVXODWLRQVWULSVZHUHSHUIRUPHGLQODERUDWRULHVRIWKH)DFXOW\RI
&LYLO(QJLQHHULQJ96%782VWUDYD7KHUHVXOWVRI WKHVHH[SHULPHQWVFRQILUPHGSRVLWLYHHIIHFWRIDVSKDOWVOLGLQJ
MRLQWVRQVLJQLILFDQWO\UHGXFHORVVHVFDXVHGE\IULFWLRQIRUFHVEHWZHHQSUHVWUHVVHGFRQFUHWHVODEDQGVXEVRLO>@
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
$VSKDOW VWULSHVDQG LWVEHKDYLRU LV LQIOXHQFHGE\ WKHSURGXFWLRQPHWKRG7KH UHVXOWLQJSURGXFWVFDQKDYHYHU\
GLIIHUHQW SURSHUWLHV 7KHUH DUH WZR EDVLF W\SHV  R[LGL]HG DVSKDOW VWULSHV DQGPRGLILHG DVSKDOW VWULSHV XVLQJ$33
SRO\PHUVSODVWLFW\SHRIPRGLILFDWLRQDVZHOODVXVLQJ6%6HODVWRPHUVHODVWLFW\SHRIPRGLILFDWLRQ
7KHW\SHVRIPDWHULDOVXVHGIRUWKHODERUDWRU\WHVWVDUHEDVHGRQDPDWHULDOEDVHZKLFKLVFXUUHQWO\DYDLODEOHRQ
RXUPDUNHW2[LGL]HGDVSKDOW VWULSVDVZHOODVPRGLILHGDVSKDOWVWULSVDUH WHVWHGDVVXPLQJ WKDWPRGLILHGVWULSVDUH
SUHIHUDEOHWRFUHDWHDVOLGLQJMRLQWWKDWLVQRWRQO\ZLWKUHJDUGWRPHDVXUHGGHIRUPDWLRQVEXWPDLQO\ZLWKUHJDUGWR
WKHGXUDELOLW\DQGVWDELOLW\RIWKHSURSHUWLHVRIPRGLILHGDVSKDOWVWULSV>@

3UHVHQWO\ UHVHDUFK RI VOLGLQJ MRLQWV FRQWLQXHV E\ H[SHULPHQWDO PHDVXUHPHQW RI WHPSHUDWXUH FRQWUROOHG RI
YLVFRHODVWLFSURSHUWLHVDQGWHVWLQJRIFRQFUHWHVODEVLQFRQWDFWZLWKWKHVXEVRLOZLWKXVLQJDXQLTXHWHVWLQJGHYLFHIRU
H[SHULPHQWDOPHDVXUHPHQWVRIIRXQGDWLRQVODEVRQWKHVXEVRLOZKLFKLVORFDWHGRQWKHSUHPLVHVRI)DFXOW\RI&LYLO
(QJLQHHULQJ96%782VWUDYD>@

&RQFOXVLRQ
7HFKQRORJ\ RI SUHVWUHVVHG FRQFUHWH LQGXVWULDO IORRUV LV SDUWLFXODUO\ VXLWDEOH IRU PLGGOH DQG VHYHUH RSHUDWLQJ
FRQGLWLRQV,QLWLDOFRVWRIWKHWHFKQRORJ\LVKLJKHULQFRPSDUVLRQZLWKFRPPRQO\XVHGGHVLJQVROXWLRQ%XWRQWKH
RWKHUKDQGSUHVWUHVVHGIORRUVWHFKQRORJ\KDYHKLJKTXDOLW\ORQJHUOLIHDQGFRVWVDYLQJVRQPDLQWHQDQFHGXULQJXVH
DQGWKD\FDQEH\LHOG
7KHXVHRISUHVWUHVVHGIORRUFRQVWUXFWLRQLVYHU\DGYDQWDJHRXVIRUODUJHVFDOHDQGKHDYLO\ORDGHGIORRUVWUXFWXUHV
5HVHDUFK LQ DOWHUQDWLYH SUHVWUHVVLQJ V\VWHPV DQG LQWHUDFWLRQ EHWZHHQ SUHVWUHVVHG IORRU VODE DQG VXEVRLO FDQ EULQJ
QHZRSSRUWXQLWLHVDQGRSHQGRRUVIRUXWLOL]DWLRQRIWKLVWHFKQRORJ\IRURWKHUVDSOLFDWLRQV
$FNQRZOHGJHPHQWV
7KLV SDSHU KDV EHHQ DFKLHYHG ZLWK WKH ILQDQFLDO VXSSRUW RI WKH 0LQLVWU\ RI (GXFDWLRQ VSHFLILFDOO\ E\ WKH
6WXGHQW 5HVHDUFK *UDQW &RPSHWLWLRQ RI WKH 7HFKQLFDO 8QLYHUVLW\ RI 2VWUDYD XQGHU LGHQWLILFDWLRQ QXPEHU
63DQG7KHFUHDWLRQDQGLQWHUQDWLRQDOL]DWLRQRIWRSWHDPVDQGHQKDQFLQJWKHLUH[FHOOHQFHLQWKH)DFXOW\RI
&LYLO(QJLQHHULQJ96%782E\PHPEHUVRIWKH6WUXFWXUDOUHVHDUFKJURXS
5HIHUHQFHV

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